A retrospective, cross-sectional study on bitewing radiographs
Introduction
Patients undergoing orthodontic treatment with fixed multibracket appliances are said to face a challenging oral hygiene situation. Orthodontic bands, brackets, and wires are impediments to oral hygiene, facilitating the accumulation of plaque and leading to increased numbers of Streptococcus mutans and lactobacilli [18] . Adolescents treated with fixed orthodontic appliances are, thus, regarded as a risk group for caries [5, 26, 37] . Efficient plaque control is an important factor in the maintenance of oral health during fixed orthodontic appliance therapy [1, 21, 38] .
Dental caries originates on the enamel surface when there is a shift in the equilibrium between demineralization and remineralization [39] . Demineralization is an early stage of dental caries which occurs when plaque remains on the tooth surface for a critical length of time [3, 39] . Bands and brackets encourage the retention of plaque and food remnants on tooth surfaces that otherwise have a low caries prevalence [23] . The presence of orthodontic appliances also requires more skill and effort to maintain good oral hygiene.
Two studies comparing the effect of manual and electric toothbrushes in patients undergoing fixed orthodontic appliance therapy have shown that none of the tested toothbrushes performed significantly better with regard to cleaning efficacy [27, 28] . Other studies comparing manual with electric toothbrushes in patients with fixed appliances failed to show any difference in bleeding on probing, gingival, and plaque indices [6, 11, 13, 36] . It was, therefore, recommended that orthodontists focus on enhancing their patients' dental awareness and oral hygiene along with professional prophylaxis and fluoride applications.
Anecdotal reports claim that multibracket therapy leads to the development or progression of approximal carious lesions, but this allegation has only been studied to a limited extent. Older studies on multiband appliances reported inconsistent results. Zachrisson and Zachrisson [39] demonstrated that full bands offered protection from approximal caries, whereas Shannon and Miller [30] concluded that orthodontic bands raise the caries risk significantly. Another study [14] reported that 1.8% of all initially intact surfaces in 109 children developed caries during a 2-year treatment with fixed multiband appliances. Today, except on upper and lower first molars, brackets are normally bonded instead of using bands.
To the best of our knowledge, there is no study investigating the prevalence of approximal carious lesions after fixed multibracket appliances. The aim of this retrospective, cross-sectional study was to compare approximal caries in patients after fixed multibracket therapy and participants without orthodontics. The null hypothesis was that there would be no difference in the prevalence of approximal lesions between the groups.
Material and methods
This study was conducted as a retrospective cross-sectional study, investigating the prevalence of approximal carious le-
Einführung
Es ist bekannt, dass Patienten mit festsitzenden kieferorthopä-dischen Apparaturen mit einer anspruchsvollen Situation bezüglich ihrer Mundhygiene konfrontiert sind. Kieferorthopä-dische Bänder, Brackets und Bögen erschweren die Zahnreinigung, erleichtern die Plaqueakkumulation und führen so zu einer erhöhten Zahl von Streptococcus mutans und Lactobacilli [18] . Aus diesem Grund gelten Jugendliche mit festsitzenden kieferorthopädischen Apparaturen als Risikogruppe für Karies [5, 26, 37] . Die effiziente Kontrolle der Plaque ist ein wichtiges Element zur Erhaltung der oralen Gesundheit wäh-rend der kieferorthopädischen Behandlung [1, 21, 38] .
Karies beginnt auf der Schmelzoberfläche bei einer Verände-rung des Gleichgewichts zwischen De-und Remineralisation [39] . Demineralisation ist eine frühe Phase der Karies, die auftritt, wenn die Plaque für eine kritische Zeitdauer auf der Zahnoberfläche verbleiben kann [3, 39] . Bänder und Brackets erhö-hen die Retention von Plaque und Nahrungsresten auf Zahnoberflächen, die normalerweise ein geringes Kariesrisiko aufweisen [23] . Auch erfordern kieferorthopädische Apparaturen eine bessere Geschicklichkeit und einen größeren Aufwand seitens des Patienten, um eine gute Mundhygiene beizubehalten.
Zwei Studien [27, 28] The local Ethics Committee (Ethical Committee of the Canton of Zürich (KEK), Zürich, Switzerland) approved the study (Authorization number KEK-StV-Nr. 22/11). All parents or caregivers had signed approved informed consent forms.
Test group
Bitewing radiographs were taken consecutively from the archive of individual records at the Department of Orthodontics at the University of Zürich by the first author (S.B.) according to the following inclusion criteria: -treatment start after the year 2000 to create a homogeneous sample, -fixed multibracket therapy in both jaws, -no orthognathic surgery, -no missing or supernumerary teeth, -patients aged between 15 and 16.25 years at the end of active treatment (debonding), and -High-quality bitewing radiographs at debonding showing all approximal areas (distal 1st premolar to mesial 2nd molar) without overlaps.
One hundred and four patients, 48 (46%) females, 56 (54%) males, were included. All patients had been treated with maxillary and mandibular fixed edgewise appliances by postgraduate students of the Department of Orthodontics, University of Zürich, Switzerland. Either a Standard Edgewise appliance or a pre-adjusted Edgewise appliance was used, both using meshbased stainless-steel orthodontic brackets with 0.018 × 0.025-in attachment slots. They were bonded to all teeth in both dental arches, except for the maxillary first molars (which were banded in more than 90% of the cases). At the beginning of fixed orthodontics, all patients were given a toothbrush, plaque-revealing tablets, fluoride toothpaste, and a fluoride mouthwash. They also received oral hygiene instructions. No advice on interdental hygiene was given. No restorative treatment (fillings) was undertaken during orthodontic treatment. At the time of debonding, final records including bitewing radiographs were made. Average age at the beginning of active treatment (at the time of bracket bonding) was 13.53 years (SD ± 0.73). Average age at the end was 15.55 years (SD ± 0.39). Treatment without extractions was performed in 69 patients (66.3%), whereas four premolars were extracted in 35 patients (33.7%) for orthodontic reasons.
All radiographs of the test group's patients were taken between 2002 and 2010 under standardized conditions using a Kwik-Bite (Indusbello, Londrina, Brazil) film holder with a 33.3-cm film-source distance and Kodak INSIGHT films (Speed F, 30.5 × 40.5 mm, Carestream Health, Rochester, NY, USA). These conventional radiographs were analyzed by the second author (G.M.).
Die Nullhypothese war, dass es keinen Unterschied zwischen beiden Gruppen gibt. 
Material und Methoden

Control group
The radiographic data of 111 individuals, also aged between 15 and 16.25, were selected randomly from the databank from the latest series (2009) of the routine examination of children from 16 communities in the Canton of Zürich which have taken place at 4-year intervals since the 1960s [20, 34] . 45 (40.5%) females and 66 (59.5%) males with an average age of 15.50 (SD ± 0.31) years were included. These participants had never undergone orthodontic treatment. Their data are representative for all Swiss adolescents at this age.
Radiographic scoring
The approximal surfaces of the permanent premolars and molars of all children in the test and control groups were assessed as follows: -no radiolucency = healthy, -radiolucency in the outer half of the enamel = D1, -radiolucency in the inner half of the enamel = D2, -radiolucency in the dentin = D3, and -radiolucency in the dentin at the margin of a filled approximal surface = D4.
The investigator who scored the control group's radiographs, and G.M., who analyzed the test group, are both calibrated and experienced in the field of dental epidemiology. The measurements' reliability was assessed using kappa (κ) statistics. Reliability was good (κ-values between 0.73 and 0.90). Inter-examiner agreement proved to be very good (κ = 0.82). 
Statistical analysis
Descriptive statistical analysis of the data was done with SPSS Software (IBM SPSS, Amorak, NY, USA). Mean, minimum, and maximum values per participant were calculated for the caries indices D12 (enamel lesions) and D34 (dentin lesions).
Distributions of enamel and dentin lesions were analyzed. The Mann-Whitney U test was used to determine any significant differences between the groups.
Results
Average active multibracket treatment time in the test group was 2.02 years (SD ± 0.71). The average number of enamel lesions in the test group undergoing orthodontic treatment was lower than in the control group (0.57 vs. 1.85, p < 0.001). The same held true for dentin lesions (0.06 vs. 0.49, p < 0.001) ( Table 1 ). The lesions were similarly distributed in both groups (Table 2 , Figure 1 , Figure 2 ).
Discussion
As there is no direct view onto approximal surfaces, approximal lesions are often overlooked during clinical examination. Thus radiographs, fiber-optic transillumination (FOTI), tooth separation, and most recently, laser fluorescence devices (e.g., Diagnodent®) are used in addition to visual and tactile examination. It is generally accepted in the literature that radiographs identify more approximal lesions than FOTI [24, 35] . A review [17] showed that around 50% of approximal carious lesions on molars and premolars were detected only on bitewing radiographs. A more recent study [19] found that even with meticulous clinical examination, 24-26% of enamel lesions and 38-44% of dentin lesions were only detected radiologically. Pontual et al. [25] reported no significant difference in the diagnostic accuracy of conventional (Insight film) and digital (Digora) radiographs for approximal caries. Two studies [7] [8] comparing different techniques for caries diagnosis concluded that bitewing radiographs presented good reproducibility under epidemiological conditions and that they offer the best adjunct diagnostic technology for epidemiological dental caries surveys.
Orthodontic treatment in Switzerland is sought more often by affluent people [32] . However, those with lower incomes are given a discount at the Postgraduate Clinic in the Department of [34] . Mit durchschnittlich 1,85 Schmelzläsionen pro Proband stimmen die Resultate unseOrthodontics, University of Zürich, Switzerland. Because of this, patients both from the city and the entire Zürich canton seek orthodontic therapy at the Postgraduate Clinic of the University. Thus these patients are more heterogeneous than in a Swiss private practice. This is why the socioeconomic status of our test and control groups was so similar.
As the test group patients and control group subjects live in the same area with the same school system, both groups' participants were matched concerning education. Furthermore, both groups had equal fluoride exposure. According to the latest findings of oral hygiene in the Canton of Zürich [34] 96% of the children use fluoride toothpastes and 81% consume fluoridated salt (250 ppm F) at home. Around half of the children additionally use a fluoride gel and/or a fluoride mouthwash at home.
In Switzerland, the incidence of caries in schoolchildren in general has declined dramatically, as evident in the caries reported on the approximal surfaces of permanent molars and premolars of 14 year olds. In 1964, there were 7.2 approximal carious lesions per child, while in 2009, this rate had fallen to only 1.44 lesions [34] . With their average of 1.85 enamel lesions per participant, our control group's results concur with those findings (Table 1) . Having detected even fewer approximal carious lesions in the test group represents an enormous benefit, since approximal fillings in the posterior teeth have a limited lifespan [31] and may promote attachment loss [4] .
Demineralization of enamel on buccal surfaces surrounding orthodontic brackets is a significant clinical problem during and after orthodontic treatment. In terms of the risk-benefit balance of orthodontic treatment, it is a major element of risk for patients [10, 23] . Whereas we investigated approximal caries in this study, a recently published randomized controlled trial [33] reported on white spot lesion formation around brackets on buccal tooth surfaces. They demonstrated that regular topical fluoride varnish applications reduced the incidence of white spots three-fold (25.3% of participants in the placebo group had white spots vs. only 7.4% in the fluoride varnish group). Fluoride varnish, ideally Duraphat® (Colgate Oral Pharmaceuticals Subsidiary of Colgate-Palmolive Company, New York, NY, USA) containing 22,600 ppm fluoride, should therefore be used as a professional, routine preventive measure in orthodontic practice. The caries protective effect of highly concentrated fluoride varnishes has been acknowledged during orthodontic treatment [29] .There is evidence that orthodontists rarely apply fluoride varnish regularly [16] . Another study [2] , however, reported that the insertion of fixed orthodontic appliances favored oral fluoride retention, also at approximal sites. The semi-annual application of fluoride varnish can greatly diminish the development of approximal caries [22] . Thus, it can be speculated that regular fluoride varnish application would have further reduced the already low prevalence of approximal caries that our test group demonstrated.
The lower incidence of approximal caries in the test group can only partly be attributed to an effect of diastema after tooth extractions. Indeed, no teeth were extracted in 69 test group patients (66.3%), while four premolars were extracted in 35 pa-rer Kontrollgruppe mit diesen Daten überein (Tabelle 1). Dass man in der Testgruppe sogar weniger approximale kariöse Lä-sionen fand, stellt einen enormen Vorteil dar, da approximale Füllungen speziell an posterioren Zähnen eine begrenzte Lebensdauer aufweisen [31] und zu Attachmentverlust führen können [4] .
Schmelzdemineralisationen auf Bukkalflächen um kieferorthopädische Brackets stellen ein erhebliches klinisches Problem während und nach einer kieferorthopädischen Behandlung dar. Bei der Abwägung von Nutzen und Risiken einer kieferorthopädischen Behandlung sind diese ein Hauptrisiko für den Patienten [10, 23] 7%) . Thus, the test group had 140 teeth or 280 approximal surfaces fewer than the control group. This can, however, not fully explain the results. Obviously, the orthodontic treatment of our study group did not lead to more approximal carious lesions than in the control group.
Patients undergoing fixed orthodontic treatment are examined regularly by their orthodontists. Hence information and monitoring of their oral hygiene is ensured. The professional cleaning that the orthodontists or dental hygienist carry out during these appointments is not only important for preventing white spot lesions, it may also play a role in preventing approximal carious lesions. Another possible explanation for our results is that orthodontic patients are well aware of dental hygiene in general and caries in particular. Normally patients with high caries activity or bad oral hygiene are excluded from orthodontic treatment until they are able to practice good oral hygiene over the long term.
A Swedish working group reported that orthodontic treatment increased the frequency of radiography significantly [9] . Another study by Hujoel et al. [15] assessed the typical total diagnostic radiation exposure associated with orthodontic therapy at the University of Washington. An average of 6.7 (SD 4.8) bitewing radiographs were made during each orthodontic treatment. In light of the low caries prevalence after orthodontic treatment observed in our study, this appears to be unnecessarily excessive radiation exposure. Whether bitewing radiographs at the end of fixed multibracket treatment are really indispensable is open to debate, as 73.1% of our orthodontic patients had no enamel lesions and 95.2% had no dentin lesions (Table 2) . Of course, legal and forensic considerations have to be taken into account.
For ethical reasons, especially in light of the radiation exposure, a prospective study could not be carried out. No new radiographs had to be taken for this retrospective study. This study excels by including an age-matched, untreated control group recruited from the same area and sharing a very similar socioeconomic status. As there were very few carious lesions after treatment, the authors assumed that pretreatment bitewing radiographs would not have revealed any additional information. The pretreatment radiographs we had available had been taken at various ages of the orthodontic patients (from 9-14 years) and were, thus, not comparable. This is a retrospective, cross-sectional study and therefore, our results should be considered with certain reservations. These studies should, however, not be taken as a proof of a causal relationship, but to describe an actual situation and to generate new hypotheses [12] . Earlier anecdotal reports of the development or progression of approximal caries due to fixed multibracket therapy are not supported by our retrospective study's results.
Conclusion
In this retrospective cross-sectional study using bitewing radiographs, fewer enamel and dentin lesions were detected in the ren haben. Patienten mit einer hohen Kariesaktivität oder schlechter Mundhygiene werden normalerweise von einer kieferorthopädischen Behandlung ausgeschlossen, bis die Situation hinsichtlich der Mundhygiene und Karies über einen län-geren Zeitraum unter Kontrolle war.
Eine schwedische Arbeitsgruppe [9] hat belegt, dass eine kieferorthopädische Behandlung die Frequenz von Röntgenbil-dern signifikant steigert. Eine Studie von Hujoel et al. [15] hat die gesamte Röntgenexposition, die mit der kieferorthopädi-schen Therapie typischerweise einhergeht, untersucht. Durchschnittlich wurden während der Behandlung 6,7 (SD 4,8) Bitewing-Röntgenbilder angefertigt. Angesichts der niedrigen Kariesprävalenz, die in der vorliegenden Studie nach der kieferorthopädischen Behandlung gefunden wurde, scheint dies eine unnötig hohe Strahlenbelastung zu sein. Ob Bitewing-Röntgen-bilder nach Abschluss der festsitzenden Kieferorthopädie wirklich unabdingbar sind, kann diskutiert werden, da 73,1% der kieferorthopädisch behandelten Patienten keine Schmelzläsio-nen und 95,2% keine Dentinläsionen aufwiesen (Tabelle 2). Natürlich müssen dabei auch juristische und forensische Überle-gungen berücksichtigt werden.
Aus ethischen Gründen, speziell aufgrund des Strahlenschutzes, war es nicht möglich, eine prospektive Studie durchzuführen. Für diese retrospektive Studie mussten keine neuen Röntgenbil-der angefertigt werden. Diese Studie zeichnet sich durch eine gleichaltrige, unbehandelte Kontrollgruppe aus dem gleichen Gebiet mit sehr ähnlichen sozioökonomischen Verhältnissen aus.
Da es nach der Behandlung sehr wenige kariöse Läsionen gab, waren die Autoren der Ansicht, dass die Bitewing-Röntgenbil-der vor der Behandlung keine zusätzlichen Informationen generiert hätten. Diese Röntgenbilder vor der Behandlung waren nicht vergleichbar, da diese an unterschiedlichen Zeitpunkten (zwischen 9 und 14 Jahren) angefertigt wurden.
Bei dieser Studie handelt es sich um eine Querschnittsstudie. Querschnittsstudien werden in der epidemiologischen Forschung häufig verwendet. Sie sollten jedoch nicht zum Nachweis einer Kausalbeziehung verwendet werden, sondern eher deskriptiv zur Beschreibung des Ist-Zustands oder zur Generierung neuer Hypothesen [12] . Frühere anekdotische Berichte über Entstehung oder Fortschreiten approximaler Karies durch die Behandlung mit festsitzenden Multibrackets-Apparaturen können durch die Resultate dieser retrospektiven Querschnittsstudie nicht untermauert werden.
Schlussfolgerungen
In dieser retrospektiven Querschnittsstudie mittels BitewingRöntgenbildern wurden in der Testgruppe nach Behandlung mit festsitzenden kieferorthopädischen Apparaturen weniger approximale kariöse Läsionen als in der gleichaltrigen Kontrollgruppe ohne Kieferorthopädie gefunden.
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Der korrespondierende Autor gibt für sich und seine Koautoren an, dass kein Interessenkonflikt besteht. test group after fixed multibracket treatment than in the agematched control group without orthodontic treatment.
